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Part 1T - Apparent Problems and Tentative Solutions
F.  INTRODUCTION
(1)

coke Mamufacturine

There are two generally acecepted methods For manufacturing the steel
industry®s requirements for coke: the beehive process {(nonrecovary)
and the by-product, or chemical TRECOVErY DYOCRSS.

Today the by-product process produces about ninety-nine {99 percent
of all metallurgical coke and is the only one considersd in this paper.
Beonomic factors have changed the traditionsl by-product plant opera-
tion. Although coke oven gas still remains as a valuable by-produet
for internal use, the production of light oils, ammonium sulfate and
sodium phenclate are not usually profitable,

In a by-product coke plant bituminous cosl is heated, out of pontact
with air, to drive off the volatile components.  The residue vemaining
in the ovens is coke: the volatile components are recovered snd Droe
cessed In the by-product plant to produce tar, Light oils, and other

¥
materials of potentisl value, including coke oven gas. This procsss is
accomplished in narrow, rectangular, silica hrick ovens arp
by side in groups ecalled batteries. Tach cole oven is typically L8

inches wide, 15 feet high, and 40 feet long., Heat is applied by burm-
ing gas in flues located between the walls of adjacent ovens. About
forty (#0) percent of the gas produced by the coking process is used
to heat the coke ovens. The remaining gas is used as a fuel in other
mill operations.,

Coal is charged through holes into the tops of the gvens from
bottom cars which run on fracks over the ton of +he battary.
the sixtesn to twentv-four hour coking i the gases
materials distilled from the coal o inte the collection
the end of the ool
il g lLong s

,

i

ot
S

the doors are removed from sach end of on oven
the incandescent coke into the quench car.

(L

Superior numbers
end of this
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guenching tower where the ooke is cooled by water sprays. The cooled
poke is delivered to handling eguipment for subseguent use as a bhasic
raw material for the blast furnaces.

{2}

Coke plant wastewster sources

By-product coke plants vary widely in size,
extent and type of by-product recovery, and
wastewster practices. Wastewaters in eaklnw
originate from three principal sources: coal
moisture, water of decomposition, and process
waters added during gas treatment and by-product
recovery. The process waters are the Larvgest
fraction of the total wastewvaters and typieslly
aecommt for 60-85% of the total flow, which may
range from 1lZ0-310 gal/ton depending on the level
of process water recyvole, Six categories of
wastes are normally identified:

. tar still wastewater

. waste ammonia liguor {(WAL) from the primary cocler
.,  ammonias absorber and crystallizer blowdown

. Tinal cooler wastewater blowdown

. 1ight oil (benzol) plant wastewater

. gas desulfurizer and oyanide stripper wastewatar

GUENCH TOWER OPERATION

?wnL“aily 10 to 1% tons of hot {(2000+°7) coke are gusnched by 4,000 to

5,000 gallons of quench water every 10 to 15 minutes; the guenching of
eaeﬁ lLoad tekes 2 to 3 minutes. 1,000 to L,500 gallons of water is
evaporated and the balance flows to a settling basin for removal of
coke fines. In a plant where tight control is maintained of all water
uses all of the oontaminated coke plant waste water is typically evap-
srated by the hot cake.

GUENCH TOAWER EMISSIONS

x

Partioulate emissions and especially particulates produced by PVaparqu
ting contaminated quench water have not been well documented. 3y )
widely used method of uﬁﬁt“ﬂlllﬂﬂ'guﬁﬂ b towesr particulste emissions
is to Install baffles at the base of the gpuench tower zbove the hot
ooke car.  Only information (%} is available on the effective-

? : of this me ahating lavrge particulstes and pract ically no
informetion iz available on the effectiveness of baffles in abating
ather v af particoulate emissions, In addition to particulate
matter, guench towers are s source of gaseous pollutants. The charace
ter, magnitude and relaticonship of air emdssions with respect to the
Levels of guench water contamdnation are not well documented.
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Purpose

Many difficulties which have interferred with past Ttest efforts need to
be minimized in order to determine the relative impact of "dirty” and
"clean” quench water on guench tower emigsions,

Many quench towers are short rectangular "boxes” with low irregular
velovities with internal chambers. Fugitive smissions freguently esecape
through the tower walls, Since the geometry of the stack would affect
the results it was decided to test on a tall round stack (See Fig, 13,
and further it was decided to test with both "clean™ and “dirty" water
in the same tower thus allowing differences causnd by the makeun of the
two tvpes of quench water to be clearly dndicated,

Work PFlan
The following parameters are measured:

Ambient temperature and relative humidity outside the tower

Velocity profile across the cross sectional area of the tower at (1
Particulate loading at (1M

Ambient air entering tower

Size distribution and composition of particulates and condensibles al
{1m

Quench water quantity and compasition

Return water quantity and composition

Temperature of incandescent and quenched coke

Gaseous emissions

Quenched and incandescent coke composition

Labovatory analysis of samples collected are in accordance with
published EPA methods. Water samples are analvzed for:

Palyeyelic Organic Matter RO Calcoium sulfide
Electrical Conductivity BODcday Sulfate
Total Organic Carbon Phenols {31ils
Dissolved Solids Ammonia COD
Chlorides Cvanide oH

It addition, the exhaust gases are considered from the point of view of
gaseous emissions and particulate emissions,

I, APPARINT PROBLEMS AND SOLUTIONS

Duench Tower Porametsrs Apparent Probloms Tentative Splutions
L. Hostile environment, Fxpect detrimental Pravide nrotection
L.e. drizele, grit and effect on humans gelent equipment with
fumes, and sguipment - conditions in mind -

andg
closs

could affect ability Provig
to take reliable data laboratory
g best
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2. Bize and shape of
stack, car doorwvay, oom-
fimration of nozzles.

3. Short period of
guench (2 to 3 minutes).

4, ¥elocity, tempera-
ture, snd moisture con-
tent vary with time dur-

¢ sach guench period.

5 oint temparature
oF ﬁtamk gagss ahove

myient *amnﬂ%atures, 0T

a
densed steam {(fogyand
watey drm@lprﬁ antrained

in stack gazes.

f, Coke car may not be
in exact same spot nor
svenly loaded each time.
Spray nozzles may plug
oy he otherwise non-
uniform in diztreibuting
uench water,

7. Bolid matter present
gz particles, o suSe-

endedl in eaiﬁr droplets:;
tieaolued '

Expect low veluoclity,
eyelonic or skewed
flow, uneven flow
distrdbution across
tower oross sectd Gn,
there will be fugi-
tive emissioms.

Sample volume for
any one quench is
Limited and probably
one guench will not
provide a usable
size sample,

Isokinetic sampling
rate is effected by
all thrae of thase
factors and will
therefore be vari-
able with time
during guench.

Sample lines outside
stack and filter on
gsampling brain will
quickly plug with
Qﬁnuensad water,

Velocity profile

may be guite differ-
ent at any given point
with different gquen-
ches.

%ﬁﬁﬁﬁe ga & Z
method may not ool
leot z ot

or its form may bhe
altered.

Traverse the area as
Modified BPA Methed 1
taking maximum nonber
measurements. Delter-
mine angle of flow
with Pecheimer
nrobe, record extent
of fugitive emissions
and test when fugi-
tives are minimal.

High sample rates.
Composite sample of
several guenches,

Estimate moisturs,
determine velocity
and temperature pro-
files for =ach point
prior to sampling and
continuously record
and adijust sampling
rate,

Remove most the
droplets by a cald-
brated oyclone on
probe in the stack
and/or heat the
gsample Lines above
the dew paint.

Compare test results
of setrs of guenches
at the same point to
éc¢@vm;WQ axtent of

ariation; note gar
ngatlcn and any ab-
normal O Y E—-
ion.

STy
& b

6 Q} e
BEDPODTL
oh
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2, Coke guality may Physical and chemical Observe and note

vary from oven to oven parameters of one car Tgrsens”™, note
and/or from battery to may be different from Jlength of coking time
battery, another, and oven temperatures.

III, SUMMARY OF PARTICULATE SAMPLING TECHNIOUES BASED ON THE ABOVE
SOLUTIONS

For the hi-velume mass concentration determination, a sampling appara-
tus devised at the Industrial Environmental Research Laboratory of the
Envirommental Protection Agency be used, Developed as a high volume
sampling train for particulate measurement of stationary sources, it
samples at a substartially higher flow rate than typical eguipment, but

o

follows the same procedures as outlined in EPA Method 5. (See Figure II)

This train has been medified with a cyclone precleaner (10 micron cut
size) placed in the stack to separate out larger particles and remove
some of the limited droplets,

& Hastings veloeity meter was calibrated with special 107 probes, It
was expected that the continuous purging of the pitot tubes would pre-
vent plugging from condensed water or particulates,

Partially cleaned gases are drawn through a heated probe at about 4 ofm
to a heated (250°F) filter where the balance of dry particulate matter
is collected. The gas sample then passes through a cooler, a moisture
knockout and a POM adsorber developed by Rattelle. (6}  Then the samnle
air passes through a typical impinger-silica gel train where condensible
materials are removed and the gases are further dried prior to entering
the flow control module.

Particulate collected by the knockout oyelone is analvsed. dried and its
weight added fto the weight of dry material collected in the Ffilter,

The following describes the functions and duties of the various test
stations;

Pump House Roof

Records oven and battery number anpounces car approaching, ocar in, water
o, water off, car out to Stack and Control center, signals Sump to
gtart and end water sampling,

RUmD

Obtains water samples at inlet, return and liguor limes, additional
28

duties include assisting laboratory technician.
tack
Operation of; EPA Method 5 HI-Vol train(s), Hasting velocity meteris),

kR

sas sampling trains, Orsat sampling end wet bulb-dry bulh Test
e gy P d * R fae] F
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Laboratory

Performs EPA Method 5 and gas sampling, set-up and clean~-up procedures.
Preserves and labels all water samples.

Control Center

Pinal authorization for start and end of all testing.

Performs conversion of velocity profiles +o sampling rates and makes
necessary changes due to varying conditions.

Records the following: wvelocity profiles of each Method 5 sampling
train; phase distribution of plume temperature by the use of six (&)
thermocouples located on the vertical plane of the stack: return and
sump water temperatures,

VELOCTITY PROPTLE SEQUENCE (See Figure TII)

Pump House reports car approaching: Stack and Control in raady position®
announces car in, Control switches velooity recorder{s) on, water-on,
profile continues, water off and carp out, profile ends.,

A minimum of two {2) cars are recorded to verify readings.

After verification, a sampling rate is determined along with the re-
quired nozzle size and given to the stack crew.

TEST SEOUENCE

Authorization for a test is given to both Stack and Pump House by Cone
trol. As the next ocoke car approsches the Pump House takes over and
commmicates all necessary sequences to Stack and Control Center.

With the command car-on the EPA Method 5 trains are switched on and the
thirty (30} second ramp up to the selected sampling rate begins: when
reached it is maintained until the water-off command is given and then
a thirty {30) to forty (40) second ramp down is performed to a prg-
determined sampling rate.

After four

{ 2 tested the entire probe, cvelone, Filter and
impinger train are sent t

o the laboratory trailer for breakdown.

During the test period the Pump House instructs the Sump te begin
collecting composite samples of the inlet, return and Liguor Lines,
These are then moved to the laboratory for presepyvation, labeling, and
shipment along with gas and Method 5 samples to York Ressarch Fop
analvsis,

#*  Probe located at desired position and sngle in stack,
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CONCLUSTONS

Freliminary results indicate most of the problems anticipated in testing
emissions of a coke quench tower have been resolved or minimized through
use of a high volume sampling rate, in-stack cyclones to knockout most
of the mechanically entrained moisture, a warm dry air purge of the
pitet tube, immediate interpretation of recorded velovity profiles, and
concurrent calculation of flow rate settings,
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